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The morphology and morphometry of olfactory systems of three fishes; Scomberoides commersonnianus, Rastrelliger 
kanagurta and Sphyraena obtusata were explored. The olfactory organs are round in S. commersonnianus and oval in the 
other two species. In the present study, 19 olfactory morphometric characters and 6 ratios (of some of the traits) are 
quantified. In the selected species, the mean values of all the traits and ratios were significantly different among the species 
(p < 0.001). The correlations between all olfactory traits and total length, standard length, head length and body weight are 
significant for all the species (p < 0.001). Principal Component Analysis revealed that the olfactory systems of studied 
species are dissimilar (both in size and shape) while, Cluster Analysis depicted that the difference is greater between the 
olfactory system of S. obtusata and the other two species. The traits that chiefly discriminate the olfactory systems of 
targeted species are length of both nostrils; length, width and volume of olfactory organ. 
[Keywords: Arabian Sea, Carangidae, Olfactory morphometry, Olfactory morphology, Scombridae, Sphyraenidae] 
Introduction 
Olfaction is a highly advanced and essential sense 
in vertebrates, especially in fishes1. Olfactory organs 
of fish have chemoreceptors (i.e. sensory epithelial 
cells) that perceive odorant molecules from the 
environment and assist several behaviours such as 
feeding, predator’s avoidance, communal 
interrelation, reproduction, prey detection, migration, 
schooling and species identification2-6. In fish, the 
olfactory system comprises of two components; the 
peripheral portion contains olfactory organ composed 
of olfactory epithelium (usually in the form of 
lamellae; often arranged in the form of a rosette-like 
structure), embedded in the olfactory chamber (with 
or without accessory nasal sac/s) and the central part 
consists of olfactory nerve and olfactory bulb. 
Like other taxonomic groups of fish, the olfactory 
system of Perciforms shows considerable differences7. 
The discrepancies in the olfactory system include size 
as well as shape of both olfactory organ and olfactory 
lamellae; number, surface area and arrangement of 
lamellae, distribution of sensory and non-sensory cells 
and abundance of various receptor cells. Some 
scholars such as Burne8, Teichmann9, Yamamoto7 and 
Bateson10 have classified fish olfactory organs by 
focusing on the morphological adaptation in relation 
to their habitats.  
The perciforms found in Pakistani marine waters 
have not been so far examined to study the olfactory 
system with a perspective to gather descriptive as well 
as comparative data of various systematic groups. 
Although much information is available on the 
olfactory system of several pelagic perciform fishes 
from different regions of the world, there is no data 
available regarding the olfactory system of Sphyraena 
obtusata while limited information is available about 
the olfactory morphology in Scomberoides 
commersonnianus and Rastrelliger kanagurta11. The 
aim of this study is to illustrate and compare the 
morpho-anatomy and morphometry of olfactory 
system as well as related structures in selected species 
and to understand their possible role to survive in 
their niches.  
 
Materials and Methods 
Source of sample 
Specimens of S. commersonnianus (N = 52),  
R. kanagurta (N = 62) and S. obtusata (N = 42) were 
procured from West wharf, Karachi; transported to 
the laboratory in ice box and identified with the help 
of Bianchi12. Fresh samples were visually examined 
and some of them were stored in freezer while 
remaining ones were preserved in 10 % neutral 
formalin. Both the frozen and preserved specimens 




were dissected for detailed study because most 
microscopic structures were clear in preserved 
specimens while some features were more prominent 
in frozen samples. All the olfactory morphological 
traits (as listed in Table 1) were quantified close to 
0.01 mm, except NLR (in Nmm-), VR (in mm3) and 
TNL (without any unit because it is the count of 
lamellae) while body weight (BW) were weighed 
nearest to 0.001 gm using digital balance (Camry 
EK3250). The DL was computed using expression LR 
/ (NL / 2), and NLR was obtained by the formula NL / 
LR, where NL = mean of number of lamellae of both 
rosette while, VR is determined using equation πr³ / 2, 
where, r = mean of RL and RW / 2.  
 
Statistical evaluation 
Mean with standard deviations of all traits as well 
as ratios of some olfactory traits such as LAN / BAN, 
LPN / BPN, LAN / LPN, BAN / BPN, RL / RW and 
RL / LR were calculated and compared among the 
targeted species using one-way analysis of variance 
(ANOVA). Percentages of different shapes of nostrils 
in the individuals of a species were determined. The 
relative percentages of some traits to standard length 
(SL), total length (TL) and head length (HL) were 
also assessed. 
The relationships of the studied traits related to 
olfactory system with body lengths (TL, SL, and HL) 
were determined by means of linear regression:  
Y = a + b X. Where Y represents the traits and ratios 
related to olfaction, X is TL, SL, HL and BW, a is 
constant and b is slope but in case of correlations 
between the variables with different units, log 
transformed data were used. Correlation coefficients r 
as well as P-values were also found out for each 
relationship. All the statistical evaluations mentioned 
above were performed on MS Excel 2013. 
The multivariate analyses applied in the present 
study were Principal Component Analysis (PCA), 
canonical Discriminate Function Analysis (DFA) and 
Cluster Analysis (CA). PCA was deliberated using 
PAST v-2.16 to evaluate the variability between 
morphometric traits of olfactory system and 
associated structures. The correlations of first three 
principal components i.e. PC1, PC2 and PC3 whether 
positive or negative assist in understanding the 
dissimilarity due to size (PC1) or shape (PC2 and 
PC3)13-14. DFA was performed using SPSS v.16, to 
find the extent of similarity among the samples and 
compare the significance of each variable that 
separates the groups. The group centroids with 95 % 
confidence ellipses derived from DFA shows the 
relationships among the members of groups. CA was 
executed by the squared Euclidean, average linkage 
method and a dendrogram was also drawn to find 
extent of similarity among species on Minitab v.17. 
 
Results 
In all the studied species, the paired olfactory 
organs are placed in olfactory cavity located at the 
dorsal region of the head, between the snout and eyes 
and each one is connected to surroundings by a pair of 
nares (Fig. S1). Water enters into the olfactory 
chamber via the frontal aperture and leaves via 
exhalant orifice. The shapes of both nasal openings 
vary among the examined specimens of S. 
Table 1 — List of the olfactory morphometric traits measured and their abbreviations used in this study 
S. No. Olfactory morphometric measurements Abbreviations 
1 Distance from Anterior to Posterior Nostril APN 
2 Distance from  Anterior Nostril to Snout ANS 
3 Breadth of Anterior Nostril BAN 
4 Breadth of Posterior Nostril BPN 
5 Distance between two consecutive Lamellae DL 
6 Length of anterior nostril LAN 
7 Length of Posterior Nostril LPN 
8 Length of Nerve LN 
9 Length of Raphe LR 
10 Number of Lamellae per mm Length of Raphe NLR 
11 distance from Posterior Nostril to Eye PNE 
12 Olfactory Rosette Length RL 
13  Rosette Width RW 
14 Total  Number of Lamellae of both rosette TNL 
15 Volume of Rosette VR 




commersonnianus and R. kanagurta. The anterior 
naris is oval in most of the samples of S. 
commersonnianus and R. kanagurta, while in S. 
obtusata, the anterior nostril is round and slightly 
protruded (Table 2, Fig. S1). The anterior naris has a 
transparent rim and a large nasal flap at its rear side in 
S. commersonnianus. The posterior naris is spindle-
shaped or elliptical in most of the samples of S. 
commersonnianus whereas, it is vertical slit-like 
opening and partially covered by its enlarged frontal 
border in R. kanagurta and S. obtusata (Table 2, Fig. 
S1). Due to the short distance between both nares, 
water along with the odorants flows to a short 
distance in case of S. commersonnianus however, in 
other two species, both the apertures are present at 
moderate distance from one another. In all three 
species, the olfactory cavity has mucus. The nasal 
cavity of R. kanagurta is connected to two nasal sacs 
i.e. ethmoidal and lachrymal sacs present at the 
medial and lateral sides of the head respectively, 
however only single accessory sac is situated at 
ventro-lateral sides of head as an extension of nasal 
cavity in S. obtusata (Fig. 1). 
In all the selected species, the olfactory organ or 
rosette is oval except in S. commersonnianus, which 
has a round to oval cup-like rosette. In S. obtusata, the 
structure of olfactory apparatus is slightly 
asymmetrical due to its arrangement of lamellae, on 
the other hand, the lamellae were symmetrically 
arranged in other two species (Fig. 1). In all species, 
Table 2 — Percentages of different shapes of anterior and posterior nostrils saw in S. commersonnianus, R. kanagurta and S. obtusata 
Species Shapes of anterior nostril Shapes of posterior nostril 
oval round bean-shaped D-shaped oval crescent Spindle-shaped slit bean-shaped 
S. commersonnianus 75.00 25.00 - - 3.85 3.85 71.15 19.23 1.92 
R. kanagurta 58.06 32.26 6.45 3.23 - - - 100.00 - 




Fig. 1 — Olfactory cavity having olfactory organ of: (a) R. kanagurta, (b) S. commersonnianus, and (c) S. obtusata, close view of 
olfactory organ of: (d) R. kanagurta, (e) S. commersonnianus, and (f) S. obtusata and complete olfactory system of (g) R. kanagurta, 
(h) S. commersonnianus, and (i) S. obtusata (Scale bar = 1 mm for a, b, c, d, e, f and 10 mm for g, h and i). (CL) Cerebellum, 
(CR) Cerebrum, (ES) Ethmoidal Sac, (LS) Lacrimal Sac, (NS) Nasal Sac, (OB) Olfactory Bulb, (OL) Olfactory Lamellae, (ON) Olfactory 
Nerve, (OR) Olfactory Rosette, (OT) Optic Tectum and (R) Raphe. Note the linguiform ends of lamellae [as shown by arrow heads in 
(d) and (e)] and a groove form in the middle of rosette in all the species 




the lamellae are assembled laterally around the 
spindle-shaped medial lamella termed raphe [after 
Johnson and Brown15]. The raphe is slightly larger 
with smaller lamellae in both R. kanagurta and S. 
commersonnianus and vice versa in case of S. 
obtusata (Fig. 1). The lamellae are smaller at the 
anterior side of the rosette and gradually increase in 
size towards the posterior end (Fig. 1). The lamellae 
of all the concerned species are more or less wedge-
shaped however, their shape somewhat differ with 
their position on the rosette. In all three species, the 
shape along with erect position of lamellae forms a 
central groove in the rosettes that are more prominent 
in R. kanagurta and S. commersonnianus (Fig. 1). 
Each lamella has a linguiform process in both S. 
commersonnianus and S. obtusata. The inter-lamellar 
distance (DL) is short between the lamellae present at 
both ends of rosette as compared to distance between 
lamellae in the central part of rosette in R. kanagurta 
and S. obtusata while in S. commersonnianus, the 
lamellae are arranged at approximately equal distance 
from each other along the entire length of olfactory 
organ (Fig. 1). The paired olfactory nerves arose from 
the ventral sides of paired rosettes while at the other 
end, these nerves were fused to the lobe of olfactory 
bulbs (of their respective sides) which are smaller in 
R. kanagurta and S. obtusata but larger in  
S. commersonnianus (Fig. 1). 
Table 3 and 4 display the mean values with 
standard deviation of olfactory traits and ratios 
respectively. The higher mean values for most of the 
variables and ratios were obtained for S. 
commersonnianus. The lamellae are closely arranged 
in the rosette of S. obtusata than the other two species 
(Table 3). The mean values of all the variables and 
ratios are significantly different among all the species. 
The relative percentages of majority of the observed 
variables to TL and SL are higher in R. kanagurta 
whereas, percentages of nearly all traits to HL are 
greater in S. commersonnianus however; the 
Table 3 — Mean ± SD and range of some traits related to the olfaction in S. commersonnianus, R. kanagurta and S. obtusata 
Traits S. commersonnianus R. kanagurta S. obtusata ANOVA 
result 
p-value 
Mean ± SD range Mean ± SD range Mean ± SD range 
ANS 5.60 ± 1.43 3.5-9.0 5.83 ± 0.99 3.5 - 7.75 24.67 ± 5.36 12.5 - 40.0 Sig *** 
APN 2.71 ± 0.76 1.5-5.0 3.96 ± 0.63 2.0 - 5.0 3.61 ± 0.58 2.25 - 5.00 Sig *** 
BAN 1.13 ± 0.34 0.75-2.0 1.18 ± 0.40 0.5 - 1.75 0.49 ± 0.14 0.25 - 0.75 Sig *** 
BPN 1.17 ± 0.50 0.5-3.0 1.44 ± 0.41 0.5 - 2.0 0.78 ± 0.23 0.50 - 1.25 Sig *** 
DL^ 0.11 ± 0.02 0.08-0.12 0.12 ± 0.01 0.10 - 0.14 0.07 ± 0.02 0.05 - 0.10 Sig *** 
LAN 1.53 ± 0.46 1.0- 3.0 1.18 ± 0.40 0.5 - 1.75 0.49 ± 0.14 0.25 - 0.75 Sig *** 
LPN 2.36 ± 0.63 1.5-4.0 2.11 ± 0.48 1.0 - 3.0 1.72 ± 0.34 1.00 - 2.50 Sig *** 
LN~ 11.00 ± 4.22 7.0-22 14.04 ± 1.08 13.0 - 17.0 15.63 ± 1.33 13.50 - 18.00 Sig *** 
LR^ 3.54 ± 0.92 2.0-5.5 2.08 ± 0.20 1.75 - 2.25 1.21 ± 0.33 0.75 - 2.0 Sig *** 
NLR^ 18.15 ± 3.22 12.5-23.66 17.09 ± 2.03 14.22 - 20.86 32.08 ± 7.02 19.56 - 42.00 Sig *** 
PNE 3.50 ± 1.05 2.0-6.0 6.20 ± 0.88 4.75 - 8.0 4.73 ± 0.88 3.00 - 6.25 Sig *** 
RL 5.07 ± 0.92 3.4-8.3 3.44 ± 0.70 1.25 - 4.38 4.84 ± 0.79 3.25 - 6.38 Sig *** 
RW 4.27 ± 0.84 2.5-7.3 1.83 ± 0.93 0.25 - 3.63 2.73 - 0.30 2.0 - 3.50 Sig *** 
TNL 120.21 ± 25.65 50-176 65.96 ± 5.88 48 - 79 67.71 ± 11.35 48 - 88 Sig *** 
VR 22.04 ± 14.15 4.97-74.83 4.47 ± 3.08 0.08 - 12.57 5.61 ± 2.15 1.78 - 11.82 Sig *** 
***: p ˂ 0.001, Sig = Significantly different, ^: N = 21 (for S. commersonnianus), 20 (for S. obtusata), and 16 (for R. kanagurta),
 ~: N = 21 (for S. commersonnianus), 21 (for S. obtusata) and 18 (for R. kanagurta) 
 
Table 4 — Ratios of some morphometric traits (mean value ± SD) related to olfactory system in S. commersonnianus,  
R. kanagurta and S. obtusata 
Ratios of traits 
 
S. commersonnianus R. kanagurta S. obtusata ANOVA results p-value 
LAN / BAN  1.366 ± 0.220 1.00 ± 0.00 1.00 ± 0.00 Sig *** 
LPN / BPN  2.160 ± 0.629 1.57 ± 0.48 2.34 ± 0.66 Sig *** 
LAN / LPN  0.662 ± 0.145 0.57 ± 0.21 0.29 ± 0.09 Sig *** 
BAN / BPN 1.038 ± 0.238 0.83 ± 0.19 0.67 ± 0.21 Sig *** 
RL / RW  1.48 ± 0.14 2.46 ± 1.30 1.77 ± 0.17 Sig *** 
RL / LR 1.203 ± 0.108 1.92 ± 0.23 4.57 ± 0.98 Sig ** 
**: p < 0.01, ***: p ˂ 0.001, Sig = Significantly different 




percentages of dimensions of olfactory apparatus i.e. 
RL and RW with respect to all body lengths are 
greater in S. commersonnianus (Table S1, Fig. 1). The 
correlations among olfactory traits and body lengths 
are significant (p < 0.05) for all traits in case of S. 
obtusata while, for the other two species, few 
correlations are found insignificant (Table S2). The b-
values of correlations of only few traits with all body 
lengths are higher that include TNL and VR (in all 
targeted species) and NLR (in all the species except S. 
commersonnianus). 
The correlations of most of the ratios with all body 
lengths are significant (p < 0.05) for R. kanagurta 
only whereas, the b-values of majority of these 
relationships are greater for R. kanagurta than the 
other two species (Table S3). The relationships of 
variables and ratios with BW are significant (p < 
0.001) for most of the traits (except DL, LN, LR and 
NLR) in all the three species whereas, the higher b 
values are obtained only for BW - VR relationship in 
all species (Table S4). All the ratios are significantly 
correlated to BW in R. kanagurta only, while in rest 
of the species only RL/ RW is significantly correlated 
(p < 0.05). 
The percentage variances of first three PCs 
constituted 87.19 % while percent variances of each 
of these PCs are exhibited in Table 5. The significant 
loadings of nearly all three PCs are positively 
correlated and the traits having high values for PC1 
are BAN, LAN, LPN, RW, VR and TNL whereas, the 
traits that greatly influence PC2 are APN, BPN, PNE, 
RL and RW while, only ANS, APN and PNE have a 
great impact on PC3 (Table 6). The three species are 
displayed as distinct ellipses in scatter graphs of PC1, 
PC2 and PC3  
(Fig. 2). The percentage variances of the two 
discriminant functions (DF) are shown in Table 5 
while the standardized discriminant function 
coefficients are displayed in Table 6. The traits having 
higher coefficient values for both DF 1 and DF 2 are 
LAN, RL, RW, and VR however, other characters 
having greater coefficient values for DF 2 are BAN, 
PNE and TNL. The scatter diagram of DF1 against 
DF2 represents distinct separation among species 
(Fig. S2). DFA also revealed that the specimens of 
studied species are 100 % correctly classified in their 
original and cross-validated groups (Data are not 
displayed). 
The CA is performed, using three data sets; one for 
each species and resulted in three clusters and each 
cluster of the dendrogram is representing a different 
species (Fig. 3). 
 
Discussion 
Like most of the fish, the olfactory organs of 
studied species are connected to the environment via 
Table 5 — Summary of PCA and DFA of olfactory morphometric traits of S. commersonnianus, R. kanagurta and S. obtusata 
Analysis S. no. Eigen value % variance 
Principal Components 1 4.83 43.89 
2 2.81 25.57 
3 1.95 17.74 
Discriminant Functions 1 131.24 85.4 
2 22.44 14.6 
 
Table 6 — Principal Component (PC) loadings and standardized Discriminant Function (DF) coefficients of olfactory morphometric  
traits of S. commersonnianus, R. kanagurta and S. obtusata 
Eigen vector PC1 PC2 PC3 DF1 DF2 
ANS -0.33 -0.44 0.81 0.95 0.06 
APN 0.06 0.59 0.73 0.38 -0.57 
BAN 0.79 0.51 -0.18 0.54 -1.35 
BPN 0.64 0.64 0.16 -0.19 -0.30 
LAN 0.87 0.34 -0.29 -1.14 1.14 
LPN 0.73 0.28 0.09 0.06 0.16 
PNE -0.06 0.69 0.55 0.16 -1.18 
RL 0.65 -0.56 0.47 9.03 1.96 
RW 0.75 -0.55 0.22 8.98 2.40 
VR 0.87 -0.44 0.15 -17.28 -3.44 
TNL 0.80 -0.36 -0.15 -0.34 1.28 




two nares that serve as channels for incurrent and 
excurrent water flow16. The shape of both nostrils 
varied among perciforms and the size of posterior 
nostril is larger than the anterior one in the targeted 
species; as in majority of teleosts17-18. 
In S. commersonnianus, the upright position of 
nasal flap just behind the inlet, probably assists in 
getting the water into the nasal cavity that does not 
come in contact with the incurrent aperture when fish 
propagates in moving water and this flap also 
constrain indirectly the opposite movement of water 
from the posterior nostril towards the anterior 
opening19-20. The presence of nasal flap between the 
anterior and posterior nostrils is frequent in fishes, 
especially those whose nares are close to each other 
just like S. commersonnianus9. 
The nasal sacs have been reported in the olfactory 
system of many fishes, occupying different niches in 
marine and brackish water ecosystems as well as fresh 
water21. Fish that use ciliary beating along with 
accessory sacs for propelling water through the nasal 
chamber for ventilation of olfactory epithelium are 
specified as cyclosmates while, those that utilize only 
the beating of cilia for ventilation are named as 
isosmates22-24. Cyclosmates possess either one or two 
accessory sacs that may be joined to each other or 
 
 
Fig. 2 — Scatter graphs with 95 % confidence ellipses of scores of Principal Components (PC1, PC2 and PC3) of olfactory morphometric




Fig. 3 — Dendrogram based on the morphometric traits related to olfactory system. Where; 1 = R. kanagurta, 2 = S. commersonnianus,
and 3 = S. obtusata 




fused, similar to Pleuronectiform fish1,8, or they may 
have two distinct sacs such as in cyprinodonts19,20 and 
in many Perciforms8,23. Such a pair of nasal sacs is 
noted in R. kanagurta in the present study as well as 
reported by Biswas et al.11 from Bengal, India in the 
same species. A single accessory sac is observed in S. 
obtusata in this study is similar to that found in 
Sphyraena jello25. The water ventilation in 
cyclosmates is done by the process of sniffing i.e. 
sucking of water by the pumping of accessory sacs, 
which actually operate by the movement of jaws16, 21,26 
i.e. the opening of mouth expands and its closing 
contracts the nasal sacs and simultaneously sucks up 
and expels water in skipjack26, bigeye tuna and striped 
marlin27, so even at their slow swimming pace, these 
fast-moving pelagic species can sample water. In 
those fishes that have two accessory nasal sacs, these 
are mostly related with the ethmoidal and lachrymal 
bone formations, hence named as the ethmoidal and 
lachrymal sacs by Burne8 or the dorsomesial and 
ventromesial sacs28 and in R. kanagurta, the accessory 
sacs are located at the same positions. 
Almost all pelagic species investigated so far have 
more or less round rosette with several lamellae 
encircling a small central raphe26-27,29-31 and most of 
the front part of the rosette is present just underneath 
the inlet, likewise, every species targeted in current 
study also have similar shape and position of rosette. 
All the features mentioned above including shape and 
position of both nasal sacs as well as rosette; can be 
the essential adaptations in pelagic fish that not only 
make them fit to dwell in water column, but it is the 
basic structural plan of olfactory system in pelagic 
species31. 
The rosette shapes varied in all the species included in 
the present study because each species represents a 
distinct systematic group; occupying a particular 
ecological niche32. In the present study, the olfactory 
apparatus is nearly oval in all species except in S. 
commersonnianus, which has round and cup shaped 
rosette. The oval rosettes are of common occurrence in 
fishes33. The species are classified into different groups 
on the basis of rosettes shapes and behavioral responses 
such as Burne8 categorized olfactory organs of fishes 
into three types: 1.oval rosette (mediosmatic type with 
medium surface area and moderate sense of smell), 2. 
elongated rosette (macrosmatic type; having larger 
surface area of lamellae and acute sense of smell), 3. 
round rosette (microsmatic type; having less lamellar 
surface area and weak sense of smell) while Teichmann9 
classified fish on the basis of advancements of eye and 
nose into three types: 1. Eye-nose fish (both eyes and 
nose are greatly developed), 2. Eye fish (eyes are more 
advanced than the nose) and 3. Nose fish (nose is more 
developed as compared to eyes) whereas; Bateson10 
noticed four shapes of olfactory organs. The 
classifications of Burne8 and Teichmann9 correspond 
well with each other. The olfactory apparatuses of 
studied species are categorized according to these 
classifications and shown in Table 7 in which, the 
shapes of olfactory organs indicate that the optic and 
olfactory senses are equally developed in R. kanagurta 
and S. obtusata but in S. commersonnianus, the olfactory 
sense is more advanced than vision because of greater 
number of lamellae9 and  that’s why S. 
commersonnianus is a macrosmatic fish, although the 
shape of rosette is round. 
The small central indentation present in the rosette 
of all three species enhances water sustainability as 
well as increases the time for odorant molecules to 
interact with the receptor cells34. The odorant 
molecules just move to a short distance so as to 
interact with the comparatively larger surface area of 
olfactory lamellae in S. commersonnianus because 
both nostrils are present very close to each other. The 
thick film of mucus present on the rosettes of all the 
studied species protect them from wear and tear due 
to speedy water flow over the lamellae and it also 
Table 7 — Categorization of S. commersonnianus, R. kanagurta and S. obtusata on the basis of groups made by  
different workers related to olfaction 
Classification according to: S. commersonnianus R. kanagurta S. obtusata 
Shape of rosette Slightly oval Oval Oval 
Teichmann9 Nose fish Eye-Nose fish Eye-Nose fish 
Burne8 Column III Column I Column I 
Bateson10 Type 3 Type 3 Type 3 
Yamamoto7 G G F 
Olfactory behavior response Macrosmatic Mediosmatic Macrosmatic 




inhibits the diffusion of heavy metal salts into the 
olfactory epithelium35. 
The higher mean values obtained for most of the 
variables and ratios obtained for S. commersonnianus, 
indicate that S. commersonnianus has bigger olfactory 
apparatus as compared to the other two species. In all 
the species in focus, the size of anterior lamellae is 
smaller than the posterior ones, which suggests that 
the increment in number of lamellae takes places at 
the anterior end of rosette26. The number of lamellae 
and the abundance of sensory cells on them signify 
the smelling sensitivity of a fish and the addition in 
the number of lamellae increases the surface area as 
well as efficacy of the olfactory system36. Increase in 
number of lamellae occurs with the development in 
fish and stops after the fish attains a particular phase 
of growth7. The relative percentages of RL and RW to 
body lengths indicate that in the specimens of same 
body lengths, the olfactory rosette in S. 
commersonnianus is bigger than the other two 
species, hence depicts that S. commersonnianus has a 
more developed olfactory apparatus. The shape of 
rosette and array of lamellae in S. obtusata is similar 
to that of Sphyraena jello25 and similarly R. kanagurta 
is much alike to Thynnus thunnina23 while S. 
commersonnianus is same as that of Seriola 
quinqueradiata7. 
The olfactory nerve sends chemical cues obtained 
from water by sensory cells present on the olfactory 
lamellae to olfactory bulb and other olfactory relay 
centers in brain37. Olfactory bulb can either be 
pedunculated, in which it is joined with rosette (such 
as in Carassius auratus5, Gnathonemus petersi38, 
Labeo rohita17 and Notopterus notopterus39) or 
sessile; in which it is attached to the telencephalon 
and such olfactory bulb is found in all the targeted 
species (also reported in Oncorhynchus mykiss40, 
Anguilla anguilla41, Gasterosteus aculeatus38 and 
Channa punctatus42). 
The outcomes of PCA, DFA and CA validate that 
all three species are morphologically and 
morphometrically different with regards to olfaction. 
Overall, the olfactory system in all three species is 
similar to other perciforms8 however, interspecific 
differences exist in morphology and morphometry of 
olfactory system of studied species that exhibit 
slightly different mechanism of olfaction, although 
these species dwell in pelagic habitat. This study also 
revealed few features related to olfaction such as 
more or less round olfactory organ, presence of 
olfactory organ just beneath the anterior nostril and 
nasal flap of anterior aperture are some of the 
adaptations that probably make these species fit for 
their pelagic environment. 
This is the first detailed report about the olfactory 
system of S. obtusata, R. kanagurta and  
S. commersonnianus however; the preliminary work on 
the olfactory systems of later two species has already 
been done11. In the present study, the morphology and 
morphometry of olfactory system and other related 
structures as well as their correlations to body lengths 
have also been discussed and interspecifically compared. 
This study will also help in the advance research of fine 
anatomical structures of olfactory organs, 
neuroanatomy, fundamental physiological functions, 
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